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Wax Definition and Types 



The term Vax* encompasses a large range of naturally occuning and synthetic material 
constituted from high fatty acids esters {typically C36 C50) or from polymers (700 < 
Molecular weight <10.CK)0) that differ from fats in being harder and less greasy. It is, however, 
important to realize that the chemical composillon atone does not determine a wax. The term 
wax should rather be seen as a generic term for materials that are/have: 

» solid at 20 "C, varying in consistency from soft and plastic to brittle and hard; 

• a melting point of at least 40 *C without decomposing, which distinguishes waxes from 
oils and from natural resins; 

• a relatively low viscosity at temperature sftghdy above the melting point; npn-strin^g 
but producing droplets, which exclude most resins and plastics. 

Today, there are a large variety of waxes available on the marltet, often classified according to 
their origin. Table 1 gives an overview of the most currently used \Maxes In industrial 
applications.^"^ 



Natural Occuring Waxes 
Animal Vegetable Mineral 
Beeswax Camauba Monton 
Lanolin Candellila Paraffin 



Synthetic 



PE&PP 

Fischer-Tropsch 

Microcrystaline ^^^.^3^*^ 
amide 

Intermediate PTPE 
Excellent Polyamide 
Table 1: Overview of the main waxes used in industrial 

application 
(*) Also called semi-synthetic waxes 



Lancerin Jojoba 

Shellac Ouricouri 
Ozokerite 
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^o^^ 10/13/2006 1:37 PM 

PACE 3/7 • RCVD AT 10/17/2006 2:26:47 PM [Eastern Daytigm Time] - SVR:USPTO-EFXRF.3/5 - DNIS:2738300 - CSID: 1 248988S363 » DURATION (mm-ss):6:W2 



BEST AVAILABLE COPV 



LO/17/2005 

Wax Emulsions 



TUE 14:29 FAX 12489888363 
- Newburgh Specilized Chemicals 



USPTO 



12)004/007 
http:/Avww.newburgh.ca/s_ 1 3.asp 



Polypropylene (PP), polyethylene (PE) and poly tetrafluoroelhylene (PTFE), although not real 
waxes, are very often associated vAii\ this class of surface conditioner additives because of 
the similar effects and perfomiances they can provide (Table 2). 



Wax Type 



Provided Effects 



Carnauba ^''P * luibricity, anti-blocking, 
abrasion resistance 

Paraffin Anti blocking, water repellency 

AmidP Sandability.slip and 
lubricity.soft- feeling 

Slip ,abrasion(scratch and 
mar)resistance. anti-blocking 

Anti slip, anti- blocking, 
abrasion resistance 
Excellent slip and lubricity. 
anti-blocking,abrasion 
resistance 

Table 2: Typical wax effects 



PE 



PP 



PTFE 



Wax Action Mechanisms 

In order to minimize as much as possible the inevitable trial and error phase tn development 
work, it is important to understand how waxes realJy behave. To have a significant impact on 
the coating or Ink properties, the wax must migrate to the surface and be present in sufficient 
quantity at the surface to Impart the desired properties. Several migration mechanisms well 
described In the literature - are generally proposed.^ These are: 

• The Blooming Mechanism. Molten wax parHdes float (or bloom) to the surface. *Rie 
coating cools doxvn and re-crystafllzation of w^ax particles takes place, forming out a 
thin but continuous wax-enriched surface layer. Usually, the softer (low^eWng) the 
wax. the more predominant the blooming mechanism. Incompatibility between wax 
and coatings can enhance the migration phenomenon. 

• The Ball Bearing Mechanism. In this case, solid wax particles migrate individually to 
the surface. Then, they act as a physical spacer by protruding above the coating 
surface, preventing another surface from coming Into close contact. Hand and 
high-melUng-point waxes (higlvdensity polyethylene (HDPE), PTFE] work through this 
mechanism In some c{»iditlon$. Both the particle density and the extent of protrusion 
influence me degree of effects. 

Once at the surface, the wax partides (or layer) have the ability to mo<fify the Coefficient of 
Friction (CoF) of the film , imparting the required effect(s). This explains why waxes are often 
ctassifjed as surface conditioner additives. 



Typical Effects Obtained vAth Waxes 

Waxes are usually less expensive, more reliable and less often associated with side effects 
i (e.g., recoatabillty) than other surface conditioner additives.2 In most cases, a decrease in 

; intercoat adhesion is related to the usage of extremely non-polar waxes like paraffins. 

Furthemnore. the obtained surface 6flfect(s) generally last longer because wax particles 
I migrate very slowly to the surface. Table 2 summarizes the typical effects obtained with the 

i more important Industrial waxes; bear in mind that the coating properties depend very much 

I on the complete coating fonmulation. 



Anti-Blocking 

Arrti-btocking Is a term defining a non-stick situation between two suri"aces, their resistance to 
adhesion ur>der the influence of temperature, relative humidity or even pressure fusing the 
surfaces together. A very well-known example of a bk}cking situation Is when a freshly painted 
window frarne is too rapidly ck>sed. Son^etimes, it can be very difficult to open the window 
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again. Factore affecting blocking Include the costing surface-free energy, topography of the 
coaling, the hardness and the Tg of the polymer. HDPE. paraffin and camauba waxes are 
typically used to counteract blocking. Anti-blocking agents are also very useful for any type of 
items that are coated, dried and immediately stacked or rolled up for storage or shipment. 



Srip Aid 

Slip represents the ability of two surfaces to glide over each other without causing any 
mechanical damages. Good slip properties require the slip additive to concentrate at the 
surface during and immedlatefy after application and curing. A very Interesting evaluation 
study with microcrystalline waxes dearly demonstrated that tfw harder the wax, the better the 
slip propertles.10 



This can be explained by the fact that a softer wax would tend to be more easily liquefied, and 
as a consequence, there remains less of H In a soTid state to impart slip. In other words, the 
harder wax would have a relatively higher proportion of crystals in the solid stale to impart slip. 



Abrasion Resistance 

Abrasion Is a phenomenon caused by the mechanical action of mbbing, scraping or erosion. 
Since Intimately related to scratching and slip, it is not surprising that many slip aids also 
function as mar and abrasion-resistance additives. Abrasion resistance is actually a 
combination of basic factors such as elasticity, hardness, strength, toughness, and in some 
cases, thickness. Using the same series of microcrystalline waxes but witfi different hardness 
values, a similar trend was also established between properties of hard waxes and tiie 
capability of the wax to resist oJbbing damage. Hard waxes resist abrasion better than soft 
materials. 



The same trend was observed when comparing the behaviour of soft microcrystalline wax with 

hard PE and PTFE materials in the abrasion resistance of an ink formulation.® Furthermore, 
this study also demonstrated tiiat 

• Both PE and PTFE waxes function by the ball bearing mechanism, while the softer 
microcrystalline wax works via the layer (bloom) mechanism. 

• If the particle size of the wax is similar or sfightiy larger than the thickness of the 
printed ink film, the effectiveness of the wax Is maximized. 



Water Repellency 

Water repeUency. or water resistance, is another important property obtained with waxes. As 
the name indkates, it Inn piles the protection of a surface against water penetration. The 
protection can be temporarily only (water resistance or repetlency) or over a nearly Infinite 
period of time (waterproof). Also, water resistance generally implies the resistance to liquid 
water, whereas moisture resistance means the prutection against water in a gaseous or vapor 
state. Usually, paraffin waxes, including scale waxes (a lower refined paraffin grade containing 
up to 5 % oil), perform very weB. particularly on porous surfaces. The oil penetrates easily 
within the pores and fissures, rapidly imparting a very hydrophobic character to the treated 
surface. 



Texturizer 

Although coatings are usually applied to provide optical effects (colour, gloss or matting etc.) 
or to protect a substrate, some applications also require tine surface to have tactile properties. 
In modem car interiors, soft-feeling coatings are applied on plastic (mainly PVC) substrates 
Pike instrument paneJs and door handles, and convey a ^eather-like'• touch. Le., a feeling of 
smoothness and luxury. In coatings for electronic devices (PCs, mobile phones, etc.) a 
"soft-feeling" effect is demanded too, espedaOy In Asia. By incorporating coarse wax particles, 
a rough and uneven surface is created, very similar to that obsen/ed with matting agents. 
Because tactile prt>pertles depend on the coatkig fomiulation, it is important that the wax 
parttoles prolmde through the coating layer, hence require a particle size larger. than the film 
thickness. • • 



3 0^5 10/13/2006 1:37 PM 

PACE 5/7 - RCVD AT 10/17/2005 2:26:47 PM [Eastern DayligW Time) " SVR:USPTO^)CRF.3/5 • DNIS:2738300 " CSID: 12489888363 * DURATION (mm-ss):03-«2 



BEST AVAIUBLE COPY 



10/17/2005 TUE 14:30 FAX 12489888363 USPTO 0006/007 

Wax Eraulsioos - Newburgh Specilized Chemicals http://www.newbuigh.ca/s_13.asp 



Formulating with Wax Emulsion 

Wax emulsion is now well established and extensively used in aqueous formulations such as 
coatings, inks and OPVs, texUle and leather treatments, polishes, paper and cardboard 
coatings, elc. These ready-to-use emulsions can be easily incorporated by simple mixing. 
Their very fine particle size ensures an intimate ar>d homogeneous incoiporation within other 
Ingredients of the fomnuIation» maximizing the required etTect{s). 

Wax emulsion can be stablfized by either a steric mechanism (using v^th non-Ionic emufsifiers) 
or by an eiectrostatic mechanism (using ionic emulsifiers, most often anionics). Combining 
anionic and non-ionic emulslfiers gives the emulsion an optimum stability because wax 
particles are protected through both stabilization mechanisms, referred to as the electro-steric 
stabilization mechanism. In addition to giving more flexibility in fonmuIaUng. eacA stabilization 
mechanism has not oniy its own advantages and disadvantages but also significantly Impacts 
on the overall fomiulation. 

The advantages and disadvantages of both surfactant families are presented in Table 3. 

Non Ionics / Steric =f "I^"'? j 
Stabilization 

Stabilization 



• Compatble with ionics 

• Imparl good 
freezw-thaw stability 

• Less deleterious to 
mechanicai properties 
i.e better emulsion 
stability 

• Perform well over large 
pH range 

• Less foaming than 
anionics 

• Better stability in hard 
water 

• Less solubility at high 
T (cloud pdnt} 

• Lower reduction of 
interfacia] tensbn 

• Worit for all type of 
emulsions 



• Good wetting and 
emulsifying 
properties 

• Compatible with 
non ionic 

• Best performance in 
alkaline systems 

• Lower water 
sensitivity 

• Sometime good 
adhesion and anti 
corrosion properties 

• Better interaction 
with pigments 

• More sensitive to 
freeze- thaw cycling 

• Less stable In hard 
water 

• More foaming than 
nonionic 

• Work for oil in water 
emulsions only 



Table 3: Advantages and disadvantages of 
surfacant type 

Wax properties that have the greatest impact on formulation performance include the chemical 
composition, the molecular weight, (he melting point, the hardness and, in case of emulsions 
or dispersions, the particle size. The end application and the coating application process 
(including the curing) also Influence the wax selection. When selecting a wax. it is important to 
consider 

• Melting poinL When curing is required, it is important that the wax has a lower melting 
point than the curing temperature. Thus, the wax can melt, migrate to the surface of 
the coatings, re-crystallize as the coatings cool and, eventually, form a continuous film 
for the blooming mechanism to occur. 

o Partide size and the particle size distribution should be sUghtiy larger or at 
least equal to the film thickness. This is particulariy true if wax is hard (ball 
bearing mechanism). Sometimes, a wax emulsion vnth a smaller particle size 
performs equally, providing that the concentration Is correctly adapted. In 
order to meet speofic requirements, the particle size range can be controlled 
during the emulsificatlon process, 
o pH should be withfn approximately one unit of (he system to which it is added. 
If possible, the pH of the wax emulsion can be adjusted by using aqueous 
ammonia or acetic ackl. 
o Type of surfactant can also Influence the compatibility with the other 
components, as weD as the overall formulation . stability. Matching the 
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emulsion charge with the coating charge enhances stability, 
o Order of component addition: In waterborne formulations, the order of 
component addition can sometimes be crlticat. Aggtomeratton can be 
prevented and overall stability maximized by adding the wax emulsion last A 
further dSution of the emulsion with soft or deminerallzed water before 
Incorporation can sometimes reduce the shock too. 



Recent Devetopment In Specialty Wax Emulsion 

Most of me emulsions available on ttie market are characterized by a monomodal particle size 
distribution of either a unique wax or a wax combination. Michelman Inc. has recently 
introduced the Mk;hem® Guarcl 75. E, a new emulsion with e bimodal functional distribution 
(BFD). Compared to conventional monomodal systems, a BFD allows a much tighter packing 
of wax particles to the coating surface because small parttates can more easily insert in the 
interstices created by the larger ones. Therefore, a layer with a much higher wax density Is 
formed, resulting in enhanced performances. 

Michem® Guard 75.E, a combination of camauba and PE waxes, is designed for all 
applications that require both abrasion resistance and slip properties. The presence of the 
finer particles lessens the amount of gtoss reduction while still contributing to product 
performance. Furthermore, introducing BFD in wax emulsions will pemiit higher dispersion 
volume loadings at an equivalent viscosity, compared to traditional monomodal distribution 



tn this article, we have provided a brief description of the mechanisms by which waxes perfomi 
In coatings and inks, and the desired effects that are given. We also attempted as much as 
possible to link both wax and wax emulsion properties to various perfbnmance characteristics. 
In this way. we hope to give readers a broader understanding of wax technology as it applies 
to coatings and Inks, and to stimulate new ideas in research and development. 



Conclusion 
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